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RADIOGRAPHIC STUDY OF THE BURNING PROPELLANT GRAIN
IN THE SUBROC GAS GENERATOR PACKAGE WOX-5A (U)

Prepared by:

R. H. Stange

ABSTRACT: Burning propellant graln studles were conducted on
the SUBROC Gas Generator Package (GGP) WOX-5A by use of radio-
graphic techniques. Through the use of an 1lmage intensifier
and lens system, continuous x-ray motion picture records were
obtalined of burning propellant grains. During each test, GGP
chamber pressure versus time was recorded on an FM lnstrumenta-
tion type tape recorder. Test results confirmed theoretical
predictions of propellant graln face contour changes during
burning. The radlographlc study revealed the extreme usefulness
of thils method as a tool in developling weapon systems utilizing
solld propellants.

U. S. NAVAL ORDNANCE LABORATORY
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RADIOGRAPHIC STUDY OF THE BURNING PROPELLANT GRAIN IN THE
SUBROC GAS GENERATOR PACKAGE WOX-5A (U)

The radiographic study of the SUBROC gas generator burning
propellant graln as described in this report was undertaken
by the Operations Division of the Air and Surface Evaluation
Department in cooperation with the Nuclear Physics Division
of the Physics Research Department. The work was performed
under task No. RUSD 2A000/212 1/W030 AC 001.

This report is intended for the information and use of
activities engaged in the development of weapons for the
Department of Defense. The evaluation techniques described
herein are believed of special interest to those concerned
wlth the development of weapons utilizing so0lid propellants.
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Captain, USN
Commander
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RADIOGRAPHIC STUDY OF THE BURNING PROPELLANT GRAIN
IN THE SUBROC GAS GENERATOR PACKAGE WOX-5A (U)

1. INTRODUCTION

1.1 The SUBROC Gas Generator Package (GGP) WOX-5A provides the
necessary hot gases required to drive the power turbine of a
SUBROC missile., The generator contains an inhiblted, insulated
dual burn rate, solid propellant grain and a squib initiated
ignition system. The steel cylindrical generator case is
approximately five inches in diameter, 16 inches in length,

and ,050 inch in side wall thickness. A cylindrical thermal
insulator of ,140 inch wall thickness is cemented to the
interior of the generator case. Protection of the insulation
material from hot gas erosion is provided by a .005 inch wall
thickness stainless steel flame shield. The propellant grain,
which welghs approximately ten pounds, is pressed into final
shape and inhibited with a .095 inch thick inhibitor sheet
prior to installation in the generator case. A dlagram
depicting the above mentioned cross section composition is
shown in figure 1.

1.2 Performance firings on the SUBROC GGP WOX-5A have fre-
quently revealed instances where generator chamber pressure
gradually drops and recovers with minimum pressure occurring
approximately 80 seconds following ignition. This so called
"80 second dip" 1is not serious when generators are fired while
conditioned at ambient and 95°F temperatures, but the dip does
cause below specification chamber pressure on 25°F firings.
Examples of the "80 second dip" are shown in figures 2 and 3
which present data obtained on 23°F and 76°F phase II GGP
firings (1). The radiographic study of the burning propellant
grain in a SUBROC GGP was initiated in an attempt to discover
any abnormal burning characteristics which could cause the
above mentioned pressure dip.

2. INSTRUMENTATION

2.1 Each GGP performance test conducted during the radlographic
study was 1lnstrumented in the same manner as were the NOL

phase II GGP's (1). This instrumentation served to record
generator chamber pressure versus time (see the instrumentation
block diagram, figure U4),

2.2 The first x-ray performance test was conducted with the
test set-up shown in figures 5 through 7. As a result of the
experience gained in this preliminary test, the remaining tests
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were performed with the test set-up shown 1in figures 8 through
10. Basically, the instrumentation functions as follows:

(a) X-rays from the Norelco TG 260 x-ray machine penetrate
the GGP and impinge on the Philips 9 inch image intensifier
screen,

(b) The x-ray image is then condensed and intensified on
the small output screen of the image intensifier.

(¢c) A Kodak Fluro Ektar F .075 lens focuses this x-ray
image on 35mm black and white negative film in an Automax
movie camera operating at 12 frames per second.

2.3 The final test set-up incorporated a means of shifting the
position of the GGP while burning and a method of acquiring a
common time base between the 35mm film x-ray record and the
magnetic tape pressure record. The GGP shift was accomplished
by placing the GGP on a lathe bed carriage and shifting the
carriage when desired by use of a pulley and line (see fig-
ure 9). Timing marks on the 35mm film were obtained by use of
a rotating lead disc contalning three equally spaced holes
whilch align one at a time with a fixed single hole in a lead
back-up plate. Consequently, the x-rays penetrated the lead
barrier each two seconds as the disc was driven at 10 rpm
resulting in timing marks belng recorded on the film.
Establishment of a common time base on both the film and
magnetic tape records was accomplished by insertion of an
electric lamp in the lens system such that when energlzed, the
light would fog the 35mm frames on the film. As a result, the
lamp could be turned on for about a minute immedliately pre-
ceding each test and turned off a known time (approximately
five seconds) prior to ignition of the generator thus providing
a time zero on the film record. Since the GGP ignition pulse
and timing trace were both recorded on the magnetic tape,

a common time base could now be established for each run.

2.4 Shielding of the image intensifier by lead and steel sheet
was required to prevent overexposure due to Xx-rays impinging

the image intensifier without passing through the gas generator,
Also, each gas generator had to be degaussed prior to test to
prevent adverse magnetic effects on the image intensifier,
Identification of the film records was obtalned by the use of
lead identification numbers taped to a steel strip on the top
of each GGP.

Sie TEST RESULTS

3.1 One gas generator package (GGP serial 209 of phase II
vintage) was fired using the preliminary x-ray test set-up as

2
CONFIDENTIAL



CONFIDENTIAL
NOLTR 62-194

shown in figures 5 through 7. Figure 11 presents the pressure-
time data for thils test from which a slight "80 second dip"

1s discernible, The x-ray plctures, which were only taken
during about 100 seconds of burn time, revealed an essentially
flat burn face during the dip. No film time zero was avallable
for this test and timing had to be estimated using the inac-
curate camera frame speed. Also, since the fleld of the image
intensifier did not permlit entire coverage of the complete
graln, both the first few seconds and the last quarter of the
run were not recorded on film, However, this test did prove
the feasibllity of studylng a burning gas generator propellant
grain by the use of x-ray technliques 1nvolving motion pictures.

3.2 As a result of the above mentiloned test, three additional
GGP's were made avallable for radiographic burn face study.
With the addition of fi1lm timing and the abllity to shift
position of the GGP during test, GGP serial 222 (Propellant
Batch Number L1020R/BL 282) was fired using the test set-up
shown in figures 8 through 10. The pressure-time data from
this run 1s presented in figure 12. Lamp fallure in this run
prevented acquisition of a time zero on the film record.
However, the grain shift technlque seemed to function properly,
and the x-ray plctures revealed a change 1n grailn front contour
with a near flat contour developling at minimum pressure.

3.3 The remaining two GGP's (Propellant Batch Number

L1020R/BL 282) were tested as follows: GGP serial 219 was
fired at ambient temperature (~ 70°F) and GGP serial 224 was
fired at approximately 27°F. Figures 13 and 14 show the
pressure-time data for these two tests. Prints made from the
35mm negative f1lm taken during the last two filrings are shown
in figures 15 through 24. These prints reveal the same burn
face contour change 1n both tests, the only difference being

in the rate of contour change, 1.e. the contour changes slower
in the 27°F cold firing. Again, the minimum pressures seemed
to be directly related to flat burn face contours. Progression
of the burning propellant graln at 1ts upper surface and
regression at 1ts lower surface was evident during the later
portion of the 27°F firing. This "S" surface condition was
probably due to the inherent increase 1n skin temperature on
the top of a burning GGP over that on the bottom. This tempera-
ture differential would tend to increase the burn rate at the
top of the grain and decrease the burn rate at the bottom. Lens
parallax makes 1t difficult to Judge accurately the shape of
the burn face contour. Ideally, the GGP should be programmed
in axilal movement in such a manner that the burn face always
remains stationary at the center of the lens system, thus elim-
inating this parallax condition. Metal parts present within
each generator were found to cloud two speciflc areas. The
perforated metal dome of the 1gniter hldes the extreme forward
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end of the graln; however, after five seconds of burning, this
obstacle is no longer in the way. A steel weld back-up ring
located near the base of the grain also tends to obscure the
burning grain face in this area. Varilation in x-ray intensity
as the grain burns could eliminate these problems, but this
would be as difficult a problem as programming the GGP axial
motion to eliminate parallax.

3.4 The last three GGP's tested differed from phase II
generators in both the propellant blend and the length of

the first stage (20 second first stage in lieu of 40 second
first stage). The "80 second dip" is not readily noticeable

in these last three firings. However, in comparing the 80 sec-
ond burn face contour of the last three x-ray firings with the
first x-ray firing (phase II type which showed the "80 second
dip"), no discernible difference could be detected.

h, CONCLUSIONS

4,1 The radiographic study of the burning propellant grain of
the SUBROC GGP WOX-5A confirms theoretical predictions of
propellant grain face contour changes during burning. No
evidence was acquired that could substantiate abnormal or
unpredicted burn phenomena. Consequently, the "80 second dip"
must be caused by inherent properties of the propellant, such
as a high temperature coefficient 1Tk (sensitivity of the burn
rate at constant area ratio to the propellant temperature).

4,2 The radiographic methods used in these tests provide an
excellent tool for use in developing weapon systems utilizing
solld propellants. During the development of the GGP WOX-5A,
high pressure fallures were encountered due to flame shield
buckling., This pressure anomaly could possibly have been
detected at an earlier date if x-ray motion pictures were
taken of the burning propellant grailn,

m
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FRAME |
T= 0 SEC
P= O PSIG

FRAME 2
T =& SEC
P = 1290 PSIG

FIG. 15 X-RAY PICTURES OF GGP SERIAL NO.219
FIRED AT AMBIENT TEMPERATURE ( 70°F)
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FRAME 3
T =10 SEC
P=1158 PSIG

FRAME 4
T = 20 SEC
P=1123 PSIG
FIG. 16 X-RAY PICTURES OF GGP SERIAL NO. 219

FIRED AT AMBIENT TEMPERATURE (70°F)
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FRAME 5
T = 25 SEC

P =925 PSIG

FRAME 6
T = 50 SEC
P = 813 PSIG
FIG. I7 X-RAY PICTURES OF GGP SERIAL NO. 219

FIRED AT AMBIENT TEMPERATURE (70°F)
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FRAME 7
T = 100 SEC

P=818 PSIG

NOTE: THE GGP WAS SHIFTED FORWARD PRIOR
TO FRAME 7.

FRAME 8
T = 150 SEC
P = 829 PSIG

FIG. 18 X-RAY PICTURES OF GGP SERIAL NO.219
FIRED AT AMBIENT TEMPERATURE (70°F)
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FRAME 9
T =170 SEC

P=866 PSIG

FRAME 10
T =180 SEC
P =909 PSIG

FIG. 19 X-RAY PICTURES OF GGP SERIAL NO. 219
FIRED AT AMBIENT TEMPERATURE (70°F)
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FRAME |
T= 0 SEC
P= O PSIG

FRAME 2
T = 5 SEC
P=1135 PSIG

FIG. 20 X-RAY PICTURES OF GGP SERIAL NO.224
FIRED AT 27°F
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FRAME 3
T =10 SEC

P =984 PSIG

FRAME 4
T = 20 SEC
P =925 PSIG
F1G. 21 X-RAY PICTURES OF GGP SERIAL NO.224

FIRED AT 27 °F
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FRAME S

T =30 SEC

P=697 PSIG

FRAME 6
T = 50 SEC
P =648 PSIG

FIG. 22 X-RAY PICTURES OF GGP SERIAL NO. 224
FIRED AT 27°F
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FRAME 7

T =100 SEC

P=621 PSIG

NOTE: THE GGP WAS SHIFTED FORWARD PRIOR
TO FRAME 8

FRAME 8
T = |70 SEC
P = 643 PSIG

FIG.23 X-RAY PICTURES OF GGP SERIAL NO. 224
FIRED AT 27°F
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FRAME 9

T =210 SEC

P= 659 PSIG

FRAME 10
T = 230 SEC
P =714 PSIG
FIG.24 X-RAY PICTURES OF GGP SERIAL NO. 224

FIRED AT 27°F
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